Introduction {#S0001}
============

The use of proton pump inhibitors (PPIs) has escalated since 2003, after US Food and Drug Administration approval. Their use in 2002 and 2009 were 4.0% and 9.2% in the outpatient setting, respectively.[@CIT0001] Chronic PPI use has become a mainstay of therapy in a number of common medical conditions such as gastroesophageal reflux disease (GERD), peptic ulcers, dyspepsia, and prevention of drug-induced peptic ulcers.[@CIT0002]

PPIs are generally considered safe, but recent studies have shown that chronic PPI use increases the risk of decreased bone density.[@CIT0003]--[@CIT0005] However, a causal relationship between chronic PPI use and development of osteoporosis and fractures remains unproven. There is controversy about this topic in previous studies. Although some researchers have found no significant association between long-term use of PPIs and adverse effects on bones,[@CIT0004],[@CIT0006]--[@CIT0009] on the other hand, other studies have found a moderate or even significant association.[@CIT0005],[@CIT0010]--[@CIT0012] Given the widespread use of PPIs in the community and the controversy about adverse effects of prolonged PPI use on bone density, we designed this study.

The aim of this study was to determine whether long-term PPI users versus non-users are more likely to develop alterations in dual-energy X-ray absorptiometry (DXA) derived bone mineral density (BMD).

Methods {#S0002}
=======

Participants {#S0002-S2001}
------------

In this analytical cross-sectional study, all consecutive adult patients with long-term use of PPIs because of long-term GERD referred to the gastroenterology clinic, which is the main referral center in Shiraz, South of Iran, affiliated to Shiraz University of Medical Sciences, from June 2015 to March 2019, were recruited. PPI users were healthy people except for GERD. We defined long-term PPI users as those with ≥ 2 years consumption of medication. In order to compare PPI users group with a PPI non-users group, we used block randomization method to select age-, sex- and physical activity-matched group from healthy population in the National Registry of Osteoporosis. PPI non-users group consisted of healthy participants who had not used PPIs in the previous 2 years. The exclusion criteria of both groups were pregnancy, lactation, alcoholism, use of any medication, low vitamin D levels (25-OH Vitamin D3 \<20 ng/mL measured with HPLC method), history of a fracture, systemic and/or metabolic diseases (including thyroid, parathyroid, rheumatic disease, diabetes mellitus, etc.), co-morbid disorders (including liver, kidney, heart, lung, malignancy, etc.), and uncooperative patients. The patients with abnormal BMD were also evaluated by an endocrinologist to exclude those with secondary causes of decreased BMD.

A checklist of both groups was filled out by an interviewer, who was trained prior to the initiation of the study; including baseline characteristics, past medical history, personal and family history, medication use, and physical activity. Physical activity was classified as high grade if the participant walked at least 30 mins three times a week or run at least 30 mins two times per week, moderate if he/she walked between 15--30 mins for between 1--3 times a week or run at least 30 mins one time per week, and low grade if they met none of the above criteria.

Dual-Energy X-Ray Absorptiometry {#S0002-S2002}
--------------------------------

BMD (g/cm2) and bone mineral content (g) were measured \[Hologic Discovery DXA System, Bedford, MA, USA\] for all participants by a trained technician under the supervision of an endocrinologist. Data regarding BMD and bone mineral content (BMC) of three regions; femoral neck, total hip, and the lumbar spine (L1--L4) were gathered and recorded. The World Health Organization (WHO) classification was used for definition of osteopenia (T-score: between −1.0 and −2.5) and osteoporosis (T-score ≤ −2.5). Based on the preliminary measurements in ten participants, the coefficients of variations in this system were 2.4% for the femoral neck BMC and 0.51% for the lumbar spine.

Statistical Analysis {#S0003}
====================

Quantitative variables were compared between PPI users and non-users groups using an independent sample *t*-test. Chi-squared test was used to compare the qualitative variables. We used ANOVA test to compare mean BMCs and mean T-scores in subgroup analysis according to physical activity and duration of PPI use. Pearson\'s correlation coefficient was used to determine the relationship between T scores and duration of PPI use. A *P* value of \<0.05 was considered statistically significant.

Ethical Approval/Statement {#S0003-S2001}
--------------------------

This study was conducted following the declaration of Helsinki regarding ethical principles for medical research. Institutional review board committee approval was obtained from the Shiraz University of Medical Sciences Ethics Committee (92-01-13-5648). Written informed consent was obtained from all participants.

Results {#S0004}
=======

A total of 394 participants were enrolled in this study, 133 were long-term PPI users and 261 had not used PPIs in the last two years. The mean age ± SD of PPI users and comparison group was 48.38$\documentclass[12pt]{minimal}
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[Table 3](#T0003){ref-type="table"} shows the results of DXA-derived BMD and BMC in both groups. The BMC levels were significantly lower in PPI users than PPI non-users in all three regions; lumbar spine (L1-L4), total hip, and femoral neck (*P\<*0.001). There were no significant differences in the T-scores between the two groups except for that of the femoral neck (*P\<*0.001). Z-scores did not show a significant difference in any of the regions.Table 3Comparison of Dual-Energy X-Ray Absorptiometry-Derived Bone Mineral Density and Bone Mineral Content (BMC) Between Proton-Pump Inhibitor (PPI) Users and PPI Non-usersVariables\*PPI Users (n=133)PPI Non-Users (n=261)P ValueLumbar spine BMC0.92±0.241.05±0.17\<0.001Lumbar spine T-Score−1.20±2.17−1.10±1.380.59Lumbar spine Z-Score−0.48±2.09−0.71±1.230.19Total hip BMC0.82±0.120.94±0.12\<0.001Total hip T-Score−0.61±0.99−0.53±1.060.49Total hip Z-Score−0.09±0.88−0.18±0.930.37Femoral neck BMC0.70±0.110.87±0.13\<0.001Femoral neck T-Score−1.3±1.03−0.84±1.08\<0.001Femoral neck Z-Score−0.65±0.85−0.84±1.080.07[^2]

Physical activity was established in the participants, dividing them into three groups of high, moderate, and low grade activity. [Table 4](#T0004){ref-type="table"} shows the effect of physical activity on DXA-derived BMD and BMC in the PPI users. No significant differences were seen in BMC of PPI users regarding their physical activity.Table 4Dual-Energy X-Ray Absorptiometry-Derived Bone Mineral Density and Bone Mineral Content (BMC) in Proton-Pump Inhibitor (PPI) Users According to Physical Activity (N=133)Variables\*Grade of Physical Activity\*\* in PPI UsersP ValueHigh (n=65)Moderate (n=35)Low (n=33)Age (years)48.12±13.2348.49±12.0048.78±9.260.97Body mass index (Kg/m^2^)26.90±4.7824.79±3.3025.91 [+]{.ul}4.560.07Lumbar spine (L1--L4) BMC52.61±24.4253.26±10.3454.90±13.970.79Lumbar spine (L1--L4) T-Score−1.13±2.81−1.47±1.13−1.08±1.410.35Lumbar spine (L1--L4) Z-Score−0.34±2.69−0.80±1.16−0.41±1.300.56Total hip BMC30.25±7.9130.12±5.8130.39±9.080.06Total hip T-Score−0.58±1.05−0.69±0.81−0.60±1.050.16Total hip Z-Score−0.13±0.92−0.22±0.75−0.11±0.930.66Femoral neck BMC3.63±0.763.50±0.513.71±0.920.27Femoral neck T-Score−1.37±1.11−1.49±0.85−1.30±1.070.27Femoral neck Z-Score−0.61±0.87−0.77±0.72−0.60±0.970.46[^3]

A Pearson\'s correlation was used to determine the relationship between T scores and duration of PPI use. There was a significant positive relationship between duration of PPI usage and BMC of the lumbar spine (L1-L4). There was no significant relationship between duration of PPI and BMC and T score of femoral neck and hip usage ([Table 5](#T0005){ref-type="table"}). PPI users were divided in 3 categories according to the duration of use and the BMCs and T-scores were compared with ANOVA test ([Table 6](#T0006){ref-type="table"}).Table 5Correlation of Duration of Proton-Pump Inhibitor Use with Dual-Energy X-Ray Absorptiometry-Derived Bone Mineral Content (BMC) and T Scores (N=133)Variables\*rP ValueLumbar spine T-score0.1530.08Lumbar spine BMC0.2090.02Total hip T-score−0.0230.79Total hip BMC−0.0030.97Neck of femur T-score−0.0070.94Neck of femur BMC0.0350.69[^4] Table 6Dual-Energy X-Ray Absorptiometry-Derived Bone Mineral Density in Proton-Pump Inhibitor (PPI) Users According to the Duration of PPI Use (N=133)Variables\*Duration of Use of PPIP ValuePost Hoc Tukey2--5 Years (n=69)5--10 Years (n=37)\>10 Years (n=27)Age (years)45.68±12.6050.00±10.2452.80±11.030.02I vs. IIIBody mass index (Kg/m^2^)25.99±4.9426.94±3.7525.53±3.920.44--Lumbar spine (L1-L4) T-Score−1.33±1.11−1.40±1.53−0.46±4.250.19--Total hip T-Score−0.60±0.92−0.57±1.10−0.66±1.040.94--Femoral neck T-Score−1.36±0.95−1.43±1.16−1.36±1.080.95--[^5]

We also compared the frequency of osteopenia and osteoporosis between PPI users and non-users using chi-squared tests, summarized in [Table 7](#T0007){ref-type="table"}. The group of PPI users included more patients with osteopenia/osteoporosis that is significant in femoral neck region.Table 7Frequency of Osteopenia/Osteoporosis\* in Proton-Pump Inhibitor (PPI) Users and PPI Non-usersVariables\*\*PPI Users (n=133)PPI Non-Users (n=261)P ValueLumbar spine osteopenia (%)43.939.70.44Lumbar spine osteoporosis (%)18.216.30.65Femoral neck osteopenia (%)47.338.20.09Femoral neck osteoporosis (%)15.97.10.008[^6]

Discussion {#S0005}
==========

This study assessed the influence of long-term PPI use on bone mineral density in three regions (lumbar spine (L1-L4), total hip, and femoral neck), and found a significantly lower BMC in all three regions in PPI users of more than 2 years duration compared with those whom had no history of PPI use within the previous 2 years.

The results of this study support the meaningful connection between long-term PPI use and development of bone-related adverse health outcomes, such as osteoporosis. The WHO has classified low bone mineral density into three groups: osteopenia, osteoporosis, and severe osteoporosis (T-score ≤ −2.5 with history of fracture). We found that although those with chronic PPI use had significantly lower BMC levels in all three regions, according to the WHO criteria the BMDs were not significantly different in lumbar spine (L1-L4) and total hip region. It was only significantly different in the femoral neck, showing that chronic PPI use may be associated with falls in the WHO category of osteopenia/osteoporosis.

The US Food and Drug Administration issued a warning in 2010: "possible increased risk of fractures of the hip, wrist, and spine with high doses or long-term use of a class of medications called proton pump inhibitors. The product labeling will be changed to describe this possible increased risk. (US. FDA News Release, May 25, 2010)"

Several potential mechanisms have been proposed linking PPIs and increased fracture risk including malabsorption of calcium due to hypochlorhydria, gastrin-induced parathyroid hyperplasia, and osteoclastic vacuolar proton pump inhibition.[@CIT0003]

The influence of long-term PPI use on BMD and indices of bone strength between persons using PPIs for more than 5 years was not significant in a study on 104 subjects (52 cases and controls). They concluded that no meaningful connection between long-term PPI use and bone-related adverse effects was seen.[@CIT0006] A nested case control study in the United Kingdom General Practice Research Database including over 44,000 cases and almost 11,000 controls revealed that the risk of hip fractures did not increase in the absence of major risk factors.[@CIT0004] Three case control studies were evaluated by Laine L., in which two of them showed a small but significant association between PPIs and fractures, and a third showed a modest significant association after 7 years of continuous PPI use. This study concluded that any increase in fracture risk with chronic PPI use, if present, would be of relatively low magnitude.[@CIT0010] A prospective case control study on patients using PPIs for at least 6 months demonstrated a significant reduction in vertebral and femoral T-scores, measured by densitometry.[@CIT0005] A systematic review and meta-analysis with over 200,000 fracture cases showed a modest association between PPI use and increased risk of hip and vertebral fractures, but duration had no effect in subgroup analysis.[@CIT0011] Our study showed a significant positive relationship between duration of PPI usage and BMC of the lumbar spine. But the duration of PPI use had no significant effects on femoral neck and hip. Although the BMC levels were significantly lower in PPI users in all three regions, the reason for the significant effects of PPI use on the T-scores of femoral neck but not on the lumbar spine is unclear in our study. Further research is needed to answer this question.

Population-based samples of Canadians with over 8000 subjects were enrolled from the Canadian Multicentre Osteoporosis Study data set. BMD was checked at baseline and 5 and 10 years later and they found that PPI users had lower BMD at baseline, but PPI use more than 10 years was not associated with accelerated loss in BMD.[@CIT0007] Khalili et al conducted a prospective cohort in the 11 most populous states in America and showed that during 565,786 person years of follow-up, chronic use of PPIs was associated with increased risk of hip fracture, especially in women with a history of smoking.[@CIT0012] Adachi et al[@CIT0013] compared bone mineral density in H2 receptor antagonist (H2RA) users over 2 years and healthy controls and found little non-significant influence on the degree of BMD. Solomon et al conducted a study to show the association between annualized BMD changes and new use of PPIs in pre- or early menopause women. They showed no significant association between the use of new PPIs and BMD loss.[@CIT0014] In a clinical trial study of postmenopausal women by Hansen et al, they showed a significant increase in markers of bone turnover in the PPI user group (26 weeks) compared to placebo, but levels remained within the normal reference range. They showed no significant differences between the two groups in BMD, levels of parathyroid hormone, serum or urine levels of minerals, or true fractional calcium absorption.[@CIT0015]

We found that in comparison to an age- and sex-matched normal population group, PPI users had similar rates of osteopenia/osteoporosis in the lumbar spine (L1--L4), but osteoporosis in femoral neck of PPI users  was significantly higher than comparison group.  The mean age of our participants was young. The reason was probably due to the strict inclusion and exclusion criteria to eliminate other confounding and risk factors of osteoporosis.

The previously mentioned studies that reported the effects of gastric-acid suppressants on the bone health used the WHO classification for low bone density as a semi-quantitative measure. The WHO recommends calculation of T-score with a uniform, standardized reference database in men and women of all ethnic groups, using the National Health and Nutrition Examination Survey (NHANES) III database for femoral neck measurements in young-adult Caucasian women.[@CIT0016] The international Society for Densitometry (ISCD) Official Position on this issue was changed to be concordant with the WHO recommendation, in 2013. The recommendation of both organizations being a uniform Caucasian (non-race adjusted) female normative database for women and men of all ethnic groups.[@CIT0017] It should be noted, that application of the above recommendation may vary according to local requirements and most DXA systems currently in clinical use continue to report T-scores in males using a male reference database. DXA system manufacturers should use NHANES III Caucasian data as the reference for femoral neck and total hip T-scores, while continuing to use their own databases for the lumbar spine as the reference standard for T-scores.[@CIT0018] Therefore, the controversy between the results of the previously mentioned studies may be related to the diversity in methods and participants of studies and also the reference databases used by the DXA systems.

One of the strengths of our study was the considerable age-, sex- and physical activity-matched sample size (PPI users and non-users). In comparison with other studies, the other strength of our research was appropriate inclusion and exclusion criteria of both groups for restriction of effects of different confounding factors on bone density. Also, in this study we compared the bone density by analyzing both the BMC levels as a quantitative measure and T-scores as a semi-quantitative measure between PPI users and non-users. But, our research had an important limitation. We were unable to measure and compare the metabolic bone markers between study groups due to their high cost. Individual foods or nutrients can be a confounding variable but was not assessed in this study. In our study physical activity was classified into 3 groups based on a simple questionnaire. For further validation, a standard questionnaire can be used to evaluate physical activity in similar future studies.

Conclusion {#S0006}
==========

This study showed that long-term use of PPIs is associated with lower BMC and higher rate of osteopenia/osteoporosis. However, more studies with longitudinal evaluation can be performed to clarify this causal relationship. Until then it is advised not to overuse PPIs because of the possible increase in osteoporosis and the risk of fractures. We also recommend using the BMC levels as a quantitative measure in addition to T-score in analysis and reporting similar studies. As the world's population ages and the prevalence of both acid-related gastrointestinal disorders and osteoporosis increases, clarification of the effects of PPIs on bone density is urgently needed.
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[^1]: **Notes:** \*Mean ± Standard deviation; test: independent sample *t-*test.

[^2]: **Note:** \*Mean ± Standard deviation.

[^3]: **Notes:** \*Mean ± Standard deviation; test: ANOVA test. \*\*Physical activity was classified as high grade if the participant walked at least 30 mins three times a week or run at least 30 mins two times per week, moderate if he/she walked between 15--30 mins between 1--3 times a week or run at least 30 mins one time per week, and low grade if they met none of the above criteria.

[^4]: **Note:** \*Test: Pearson\'s correlation.

[^5]: **Notes:** \*Mean ± Standard deviation; test: ANOVA.

[^6]: **Notes:** \*The World Health Organization classification was used for definition of osteopenia (T-score: between −1.0 and −2.5) and osteoporosis (T-score ≤ −2.5). \*\*Test: Chi-squared.
